Abstract To conquer disease problem in shrimp industries, probiotic biocontrol is a wellknown remedy now. The antagonistic ability of separated isolates from different parts of juvenile P. monodon was screened against shrimp Vibrio pathogens, V. parahaemolyticus and V. alginolyticus. The most antagonistic effect was observed for an isolate that primarily identified as Shewanella algae using conventional method followed by Biolog GN and GP microplates. Since adaptability to the host optimum cultural condition of the target organism is of the great importance, response surface methodology, with central composite design, was applied to assess log cell count response of S. algae in different incubation conditions. Therefore, four independent variables were assumed as: temperature (10-50°C), pH (6-10), NaCl concentration (0-50%) and time (12-60 h). The coefficients of multiple determinations (R 2 ) for the responses log cell count of S. algae being 0.827. Temperature was the merely significant independent variable that affected the log cell count of the candidate probiotic. The candidate probiotic was revealed a reasonable growth response in quite wide range of temperature, pH and NaCl concentration in which the maximum levels were in same range of optimum shrimp culture.
Introduction
The serious problem of microbial disease outbreaks, which is leading to an annual global loss of about US$3 billion in the shrimp-culture industry alone (Lundin 1996) , is not seems to be the soul impasse owing to intensification culture of shrimp. Aquaculture industrial development has been accompanied by some practices potentially damaging to human and animal health (Goldburg and Naylor 2005; Naylor and Burke 2005) that include passing large amounts of veterinary drugs into the environment (Boxall et al. 2004; Haya et al. 2000) , intended for disease prevention due to intensification (Shariff et al. 2001 ). The search for technological solutions to problems related to high density aquaculture practices has resulted in a proliferation of often unproven and potentially dangerous solutions. Products and procedures such as chlorination, antibiotics and even toxic insecticides are introduced as solutions for problems in aquaculture (Balca 0 zar et al. 2007 ). On account of the increasing concern over the potential harm of aquaculture effluents to receiving water bodies, worries over the contamination of aquatic food products with bioaccumulative and potentially harmful chemicals and antibiotics and human risks associated with contaminative aquatic products, the research and application of probiotics is progressively increasing in aquaculture throughout the world (Wang et al. 2005) . The use of microbial probiotics in aquaculture is now widely accepted for the control of pathogens as a better remedy than administering conventional methods such as, antibiotics and disinfecting agents (Gatesoupe 1999; Gomez-Gil et al. 2000; Irianto and Austin 2002; Mohanty et al. 1996 Mohanty et al. , 1993 Sharma and Bhukhar 2000; Vine et al. 2006; Wang 2007; Wang and Xu 2006) . The most recent studies concerned with the effects of probiotics on cultured aquatic species have emphasized on decreasing of mortality or, conversely, increasing of survival rate (Chang and Liu 2002; Irianto and Austin 2002; Moriarty 1998; Skjermo 1999) . The potential of a candidate probiotic assess due to its ability to antagonize the common putative pathogen bacteria (Joborn et al. 1997) , which may take place owing to competitive exclusion by which the probiotic antagonizes the potential pathogen by the production of inhibitory compounds or by competition for nutrients, adhesion sites or oxygen in the digestive tract (Fuller 1987) . In vitro antagonistic test is used as first step for a probiotic screening (Chythanya and Karunasagar 2002; Ravi et al. 2007; Vaseeharan 2003) . Furthermore, the candidate probiotics need to grow in relatively in wide range of temperature, pH and NaCl concentration including the optimal growth condition of the target organism. This helps the candidate probiotic to settle and grow in the host digestive system and its aquatic environment, as well.
The ongoing study was carried out after primary antagonistic study on 118 isolates separated from cultured P. monodon. The in vitro growth potential of the best probiotic candidate in extreme salinity, pH and temperature over a period of time was examined to evaluate conditions for best bacterial growth response.
Materials and methods
Isolates and identification of bacteria flora of P. monodon
To prevent bias in sampling from commercial shrimp farms and hatcheries that usually utilize commercial probiotic additives, apparently healthy post larvae of P. mondon was purchased from a local hatchery and reared in the Hatchery complex, Department of Aquaculture, Faculty of Agriculture, Universiti Putra Malaysia. The seeds were kept in four circular fiber glass tanks (2 m diameter and 1 m height) with conical bottoms equipped with air stones in a static water regime. They were feed with probiotic-free commercial pellet for 2 months before being used for bacterial flora sampling. During rearing period, pH, salinity and temperature was monitored daily using a PH meter (YSI, USA) and a hand refractometer (Atago 8808, Japan). A total number of 25 juvenile shrimp from each tank were scooped randomly. The collected shrimps were weighed before being dissected. Then, different parts of juvenile P. monodon shrimp, hepatopancreas and gut, muscles and body surface together with tank water and tank sediments, were subjected for the isolation of bacteria flora in sterile condition. The pure cultures of isolate bacterial flora were kept in LB broth (Defco, USA) containing 15% glycerol at -80°C. The isolates were identified up to genus by conventional biochemical methods and being confirmed using Biolog GN and GP microplates (Biolog, Hayward, CA, USA) by the method of Shakibazadeh et al. (2009) (Olsson et al. 2004 ).
Media preparation and assessment of bacterial growth in different temperature, pH, NaCl concentration and time Muller Hinton broth was supplemented with different levels of NaCl concentration (Table 1) subsequently adjusted their pH at diverse levels after media being prepared and autoclaved by titrating a sample with filtered sterile 1 N NaOH and HCl using a pH meter (Delta 320, China). Then, the titration volume was applied to the whole media ( Table 1) . The media was dispensed to sterile small tubes aseptically before being inoculated by candidate probiotic bacteria. The inoculated media tubes were then incubated for different time at different temperature (Table 1) before the bacterial growth being assessed by standard cell plate count method.
Experimental design
Response surface methodology (RSM) was selected design for studying the candidate bacterial growth at different levels of four independent variables: temperature (x 1 ), pH (x 2 ), salinity (x 3 ) and time (x 4 ). The coded and uncoded independent variables used in RSM design are documented in Table 1 . Central composite design with total 31 experimental runs containing seven central points was used as listed in Table 2 ; the experiments were carried out in random order.
A second-order polynomial equation was applied to explain the candidate bacterial growth (Y) as a function of the independent variables as follows:
where Y i represents the response variables, a 0 is a constant, a i , a ii , and a ij are the linear, quadratic and interactive coefficients, respectively. The coefficients of the response surface equation were determined using statistical software (Minitab 15, USA). Statistical analysis
The possible differences of the temperature, pH and NaCl concentration within the larval rearing tanks and juvenile shrimp weight samples were analyzed using Analysis of Variance (ANOVA). Experimental data were analyzed by multiple regressions to fit the second-order polynomial equation to all independent variables. Analysis of variance (ANOVA) was performed to evaluate significant differences between independent variables. To visualize the relationships between the responses and the independent variables, surface response and contour plots of the fitted polynomial regression equations were generated using statistical software (Minitab 15, USA).
Results
The possible differences among water quality (physicochemical conditions) of shrimp larval raring tanks and shrimp body weight were analyzed. There were no significant differences between temperature, pH and salinity of different rearing tanks. Those were within appropriate range for shrimp larvae culture, 29 ± 0.7°C, 7.9 ± 0.1 and 25 ± 1%, respectively. No mass mortality or disease was observed within rearing period. The resultant statistical analysis between juvenile shrimp body weight of different larval tanks was not exhibited any significant difference (P \ 0.05), as well.
Fitting the model
The log cell counts of the candidate probiotic obtained from all experiments are recorded in Table 2 . The experimental data were used to calculate the coefficients of the quadratic polynomial equations that were used to predict the values of candidate probiotic cell count ( Table 2) . Analysis of variance (ANOVA) showed that the resultant quadratic polynomial models adequately represented the experimental data with the coefficients of multiple determinations (R 2 ) for the responses of candidate probiotic cell count being 0.827. This indicates that the obtained quadric polynomial models were adequate to describe the influence of the studied independent variables on the candidate probiotic growth.
Analysis of variance (ANONA) was used to evaluate the significance of the coefficients of quadric polynomial models (Table 3) . A larger F-value and a smaller P-value would indicate a more significant effect on the respective response variables, for each term in the model (Quanhong and Caili 2005) . Therefore, only two coefficients of the quadric polynomial model exhibited significant influence on growth of probiotic candidate, quadric term of temperature (P \ 0.001) followed by linear term of temperature (P \ 0.05).
Surface response analysis
To visualize the effect of the independent variables on the dependent ones, surface response of the quadric polynomial models was generated by varying two of the independent variables within the experimental range while holding the other two constant at the central point. Surface and counter plot of the only significant independent variable, temperature, which was influenced log cell count of the candidate probiotic opposed to time, pH and NaCl concentration, is demonstrated in Fig. 1(e and f) , (i and j), and (k and l). The log cell count of candidate probiotic was observed to be highest in a range of temperature (23-35°C) versus a relatively wide range of time (18-55 h); it was maximum at a temperature range of (20-33°C) against fairly broad rang of pH (6-10). The effect of temperature on log cell count of candidate probiotic was highest at its central point, 30°, when the NaCl concentration was around 45%, but it was relatively high within a range of temperature (20-37°C) in opposition to a quite wide range of NaCl concentration (0-50).
Discussions
The obtained results for log cell count of the candidate probiotic with different levels of four independent variables, temperature, pH, NaCl concentration and time, exhibited wide range for effective growth of the candidate probiotic especially for last three variables. The only significant independent variable, temperature, also exhibited relatively broad range for bacterial growth, which is agreed with shrimp optimal growth conditions (Kungvankij et al. 1986) . Although the effect of the NaCl concentration on growth temperature of different marine bacteria was discussed previously (Stanley 1968 ), but this is not supported the finding of our study, even if the maximum bacterial growth were observed at around 45% and 30°C. The Na? requirement of certain marine bacteria has been demonstrated (MacLeod 1965), but the studied microorganism was able to grow in the absence or quite low Na? concentration relatively as well as high concentration. This result is in contrast with the effect of NaCl concentration on growth of other member of the same genera, Shewanella gelidimarina, as well (Nichols et al. 2000) . Nichols and his associates documented that S. gelidimarina like other marine bacteria grown in narrow range of NaCl concentration (10-46%) in which the optimum NaCl concentration was 2.5%, while surprisingly the studied microorganism growth was not affected by NaCl concentration in the experimental range including zero. This is on the contrary with the NaCl requirement of the halophilic bacteria that depend on NaCl for their growth. This might be considered a constructive point for selection of a microorganism as probiotic. The isolated bacteria exhibited better growth in the experimental pH range in a relatively wide range of temperature, which include the optimum pH (Kungvankij et al. 1986) (Fig. 1i and j) range for shrimp culture. Log cell count of the S. algae is tended to increase in alkaline high NaCl concentration area, which is characteristic of haloalkaliphilic bacteria (Ventosa et al. 1998) Fig. 1 Surface and counter plots showing the effect of pH, temperature, time and NaCl concentration on S. algae cell count. Surface and counter plots for S. algae cell count as a function of (a and b) NaCl concentration and time, c and d time and pH, e and f time and temperature, g and h pH and NaCl concentration, i and j temperature and pH, k and l temperature and NaCl concentration in addition other members of this genus grow in same pH range (6-10) and reduce Fe III (Xu et al. 2005 ).
Conclusion
The candidate probiotic, S. algae, has to be able to grow and settle in host digestive system and its environment. The studied growth characteristics of the candidate probiotic revealed that it has quite good potential to grow and settle in fairly wide ranges of temperature, pH, NaCl concentration and time. This ability of candidate probiotic contributes to settle it in variety of shrimp cultural condition. But further in vitro and in vivo studies are required before introducing it as a probiotic agent. 
